The sectoral composition of the US economy has shifted dramatically in recent decades. At the same time, knowledge and information capital has become increasingly important in modern production processes. This paper argues that a ready explanation for the recent sectoral structural change lies in the di¤erence of intangible capital accumulation across sectors. In the two-sector model of the paper, as the importance of intangible capital increases, labor is shifted from direct goods production to creating sector-speci…c intangible capital. In the process, the real output and employment shares of the high-intangible sector increase. The model generates sectoral composition change and labor productivity trends that reasonably match the data. It also shows that the conventional labor productivity calculation understates the "true" productivity in sectoral goods production. The underestimation is greater for the growing sector.
Introduction
It is a well-known fact that less than half of the economic growth today can be explained by the "tangible" inputs, namely, physical capital and labor. Traditionally, macroeconomists attribute other factors involved in economic value creation to a "residual" term in the production function, which largely remains outside the scope of macroeconomic research. More recently, researchers have started recognizing that besides plants, equipment, land and labor, there are other systemic production inputs that are equally, if not more important in a modern knowledge economy, such as intangible capital. This paper studies the role of intangible capital in the recent sectoral structural change in the US.
The relative importance of various sectors in US economy has been going through dramatic change over time. For example, in the past …ve decades, the growth of most serviceproducing industries have largely outpaced that of goods-producing industries. What factors caused the structural change is an intriguing question. Di¤erent answers to the question have di¤erent implications for long-term economic growth and employment performance.
This paper develops a supply-side explanation of structural change based on sectoral di¤erences in intangible capital accumulation. The basic idea is that the share of intangible capital in the production function di¤ers across sectors. When the productivity of intangible investment increases with exogenous technology progress, more intangible capitals can be produced, given the amount of resources committed. Because intangible capital has a larger contribution to the production process in some sectors than in others, the intangiblecapital intensive sector's output increases disproportionately with the productivity increase in intangible investment. At the same time, to take advantage of the increased investment productivity, …rms shift labor from direct goods production to intangible capital creation, and this shift is to a larger scale in the intangible capital intensive sector. Take the total employment of a sector as the sum total of the sector's direct production labor and its intangible investment labor. The employment share of intangible-capital intensive sector would increase due to the disproportional expansion of its intangible investment labor.
The term intangible capital refers to knowledge and information based assets, including knowledge acquired through R&D and other creative activities, knowledge embedded in computer software and databases, …rm-speci…c human and structural resources like management experience and brand names.
Modern …rms engage in a wide range of knowledge-building activities, such as designing new products, processes and business models, training employees, marketing brands, developing computerized assets, communicating within and without the organization and acquiring information about markets and competitors. These activities mostly do not create any physical assets. However, they create knowledge-based resources indispensable in generating new values for customers and …nancial returns for the …rm. The nature of these business activities is not very di¤erent from investment in physical capital -both generate productive resources for the future. In this sense, they should be viewed as capital investment when we analyze the …rm's production process.
The advancement in information and communication technology has greatly enhanced the productivity of intangible capital investment in the past several decades. The most obvious change the IT revolution brought about is the proliferation of software and computerized information systems as new forms of intangible assets. But more importantly, it increases the e¤ectiveness of many other knowledge investment endeavors. For example, progress in communication technology and new media increased the reach of …rms' marketing e¤orts. The emergence of internet made many new business models possible, especially in the service sector. Computer networks make …nding and sharing of information within and between business entities easier and faster. The use of computer software facilitated innovative work that produces knowledge assets. For instance, an architect who spent days crafting a blue print with pencil and paper can now create the same design in a few hours on a computer. Moreover, the proliferation of information provides powerful tools for managers and directors of enterprises. It promotes such organizational investment as ‡exible …rm structure and decentralized decision-making processes. 1 The result of increased investment productivity is a surge of intangible capital investment in the economy over the recent decades. The empirical evidence of this trend will be reviewed in the next section.
The present paper is motivated by a set of new stylized facts about the linkage between the rise of intangible capital investment and sectoral structural change during the same period. In the past several decades, the high-intangible-capital industries have grown faster than their low-intangible-capital peers. In Figure 1a , US SIC two-digit industries are divided into two sectors according to industry intangible capital investment intensity.
2 Figure 1a plots the real output and employment size of the high intangible capital sector as a proportion of the total private industries. Notice that in a span of …ve decades, the intangible capital intensive sector has experienced much more rapid growth in both real output and employment than the other sector.
Not only has the high-intangible capital sector expanded, intangible capital investment itself has also increased over time. Figure 1b shows intangible capital investment trends for the high and low intangible sector respectively. A sector's intangible investment intensity is calculated as the median investment intensity across industries within the sector. It is easy to see that both growing and declining sectors' intangible capital investments are increasing over time. However, the growing sector's intangible investment increases faster than that of the declining sector.
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. 6 .65 .7 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 output share of intangible capital intensive sector employment share of intangible capital intensive sector Besides the structural change in terms of sectoral composition, the employment composition of the economy has also been going through structural change -employment is now shifting from direct goods production to intangible capital investment activities. US employment by occupation data readily demonstrate this trend. The number of workers employed in occupations that are typically associated with intangible capital production, as a fraction of total workforce, is expanding. I divide these workers into three categories: 1) the workers whose jobs mainly involve creativity and innovation, such as engineers, architects, scientists, artists, and entertainers; 2) the workers who engage in organization construction and maintenance, such as managers, administrators, HR specialists, and business consultants; 3) the workers who ful…ll marketing and communication tasks, such as advertising personnel, customer service representatives, and IT operators. Figure 2 indicates that the share of these workers whose major job task involves producing intangible capital has increased as a proportion of the total working population. The fourth stylized fact is that the growing sector has a lower labor productivity growth on average than the declining sector. As shown in table 1, though the high intangible sector's productivity growth is higher for the 1949-1973 sub-period, overall the productivity growth is higher in the low intangible sector. At …rst sight, this fact seems to con…rm the famous "cost disease" hypothesis by William Baumol (Baumol, 1967) . The hypothesis was originally focused on the expansion of service industries. It assumes that service industries are intrinsically less likely to experience productivity improvement than goods-producing industries. A direct prediction from the assumption is that the expansion of the less productive service industries will eventually cause the growth of the whole economy to slow down. Since most expanding service industries are concentrated in the high intangible sector, the result in table 1 seems to be consistent with this assumption. However, as will be discussed in the calibration section of the paper, the conventional way to calculate labor productivity, i.e., output divided by employment, does not re ‡ect the "true" productivity in goods and service production, since a considerable share of employment is engaged in intangible capital investment instead of direct production activities.
Annual Labor Productivity Growth (%) 1949-1973 1974-1997 1949-1997 High Table 1 : Labor productivity growth of the two sectors
The model of this paper accommodates all the stylized facts presented above. The calibration result shows that the model well matches the magnitude of structural change in US data. The model can generate the output share increase, and can explain about 65% of the employment share increase, of the intangible capital intensive sector from 1950 to 1997. The simulation of the model also produces predictions about the future trend of sectoral structural change under di¤erent assumptions of parameter values. It indicates that under certain assumptions, the trend of increasing employment share of intangible capital intensive sector can be reversed.
The empirical part of the paper uses …rm-level and industry-level data to test the theory's implications. The result shows that …rms' intangible investment is positively correlated with their output and employment growth, and this e¤ect is stronger in the growing sector, which is more intangible capital intensive. At the industry level, the magnitude of industry intangible capital investment is positively correlated with future industry share growth in both real output and employment. These …ndings are consistent with the theory.
The rest of the paper is organized as follows. Section 2 gives a review of literature. Section 3 …rst presents a two-sector model featuring intangible capital accumulation, discusses how the model generates sectoral structural change and then extends the model to allow for within-sector …rm heterogeneity. Section 4 conducts model calibration. Section 5 carries out empirical exercises to test the predictions of the model. Section 6 discusses how to interpret the rise of the service sector over the goods producing sector from the perspective of intangible capital accumulation. Section 7 concludes.
Related Literature
Although the neoclassical view of economic growth places little emphasis on sectoral composition change, some early literature from distinguished authors pointed out that structural change is in fact an integral part of growth. Baumol (1967) divided the economy into "progressive" and "non-progressive" sectors according to their rate of productivity growth. He proposed that over time, resources would shift to the sector with lower productivity and that sector would eventually determine the growth rate of the whole economy. Kuznets (1973) suggested two causes of sectoral composition change: shifting income elasticity of demand for di¤erent sectors and uneven rates of technological progress.
Recent literature are more or less expositions of the above rationales. For example, Echevarria (1997), Laitner (2000) and Kongsamut, Rebelo & Xie (2001) motivate structural change by assuming non-homothetic preferences in the utility function. Acemoglu & Guerrieri (2008) provides a two-sector model with di¤erent physical capital intensities in the sectoral production functions. They show that with aggregate capital deepening in the economy, the real output share of the sector that relies more on capital increases, but at the same time, resources are shifted towards the sector with low capital intensity because of low elasticity of substitution between di¤erent sectoral goods. A similar assumption is adopted by Ngai & Pissarides (2007) . In their model, structural change is interpreted as labor shifting to sectors with low technological progress, whose shares of employment and nominal output increase over time.
However, as pointed out by Buera & Kaboski (2007) , the rise of many advanced service industries since the mid-20th century is an expansion of not only nominal output shares, but also real output shares of those industries. The story of low elasticity of substitution between sectoral goods runs counter to the latter observation. Moreover, theories that assume nonhomothetic preferences of consumers neglect the fact that many rising industries, such as business and …nancial services, are in fact not …nal goods providers, and their rise can hardly be explained as a result of di¤erences in income elasticity.
In contrast, the present paper made simple and standard assumptions about households' utility function and do not rely on demand elasticity to generate the structural change results. The present paper identi…ed the cross-sectoral di¤erence in intangible capital intensity as an important source of structural change. The shift in employment shares of sectors is motivated by the change in work tasks from direct goods production to intangible capital production, unlike in most of the existing supply-side literature, which mainly relies on low elasticity of substitution between sectors to generate realistic structural change in employment.
A crucial di¤erence between the industrial-age economy and the modern knowledge economy is that cutting-edge production know-how is no longer embodied in plants, properties and equipment, but are increasingly intangible, carried with workers and organizations. Moreover, the advancement of IT technology drastically reduced the cost of information processing, facilitated applied innovations and transformed the characteristics of business communication. The emergence of IT, as a general purpose technology, both requires and enables new investments in such intangible assets as organizational structure and management processes.
There is abundant evidence suggesting that the business sector's intangible capital investments have been on the rise over the past six decades. Companies' market value as a percentage of GDP has been increasing since the 1980s', while tangible assets relative to GDP declined during the same period. Some researchers argue that an important source for the increase in …rms' market capitalization is the accelerated accumulation of intangible assets (e.g., Hall, 2001 ). Nakumura (2001) inferred the amount of business intangible investment in US economy, using data on industrial expenditures, labor inputs and corporate operating margins. He concluded that by 2000, private …rms invested at least $1 trillion annually in intangible assets, and 1/3 of US corporate assets are in intangibles. Corrado, Hulten & Sichiel (2005 , 2006 ) directly estimated and aggregated di¤erent components of business intangible capitals. They concluded that by the end of the 20th century, intangible capital investment had exceeded private …rms' physical capital investment, amounting to about 13% of business outputs. Atkeson & Kehoe (2005) emulated plant-life dynamics based on organization capital accumulation. They estimated that the payments to intangible capital owners are on average 110% of those to physical capital owners. According to the above estimations, it is a reasonable conjecture that given the large increase of intangible investment in the economy, it can have impact, and large impact, on the characteristics of production and employment in di¤erent sectors.
There is a diverse and quickly expanding literature that relates intangible capital investment to various macroeconomic phenomena. 4 The present paper, to my best knowledge, is the …rst one to analyze the relationship between intangible capital accumulation and the sectoral structural change in modern economy.
Theory

Model
The model economy has two sectors, which produce their respective sectoral goods Y 1 and Y 2 . A …nal good is produced competitively by combining the two sectoral goods:
where 1 + 2 = 1.
Assume that there is only one …rm in each sector, and the sectoral goods production function is Cobb-Douglas: 
where (1 ) captures the impact of past capital stock on the amount of capital available next period. The log-linear assumption of capital formation, combined with log consumer utility assumption, allows us to obtain a closed form solution of the model's steady state.
Intangible capital is accumulated within a sector and is not directly transferrable between the two sectors. It accumulates according to
where X i;t is the current period investment in sector i's intangible capital. Assuming that only labor input is required to produce the sectoral investment goods X i;t ; the production function for X i is
d is a constant between 0 and 1, which depicts the decreasing return to scale in intangible capital production. B i;t denotes the productivity level of sector i's intangible capital production at period t, which is exogenously given and grows at an annual rate, g B i : B i;t = B i;t 1 (1+g B i ):
Labor supply in the economy is inelastic and equal to the population size at time t, L t . Capital and labor market clearing requires that
The economy admits a representative household with log utility
The household chooses fC t ; L y 1 ;t ; L y 2 ;t ; L o 1 ;t ; L o 2 ;t g 1 t=0 to maximize its lifetime utility, subject to the budget constraint
and the capital accumulation rules and market clearing constraints for labor and physical capital. Here q 1 ; q 2 are the price of intangible investment goods in each sector.
The household's budget constraint coincides with the resource constraint of the economy
If we normalize the price of the …nal good to 1, the equilibrium prices of the two sectoral goods can be denoted as
The wage rate, expressed relative to the …nal good price is
Assuming the markets are complete in this economy, the model can then be solved as a social planner's problem. The Lagrangian for the social planner's problem is
From the …rst order conditions, 5 it can be derived that the ratio of physical capital allocated to the two sectors is constant. So is the ratio of labor used in producing sectoral goods:
5 Speci…ed in the appendix.
It is also easy to prove that the household always consumes a …xed proportion s c of the …nal goods produced each period:
Comparative Statics
The Euler equation for intangible capital accumulation in each sector can be written as
In the steady state
: Equation 3 can be written as
from which it is easy to calculate the labor distribution within sector i:
Proposition 1 In the steady state,
In other words, increases in b i and g B i both lead to labor shifting from direct goods production to intangible capital production. And the e¤ects of the changes in b i and g B i on labor allocation reinforce each other. Proof. Simply taking derivative of the right-hand-side of equation 4 with respect to b i and g B i :
The intangible investment cost in period t can be expressed as w t L o i ;t : The steady state investment cost to output ratio can be written as a function of exogenous parameters.
Proposition 2 In the steady state, the intangible investment expense to output ratio in sector i is
The ratio is an increasing function in b i and g B i :
The considerable increase in intangible investment/output ratio since the 1950s, and the shift of employment towards "knowledge work" suggest that either the share of intangible capital in the production function b i or the productivity of intangible investment g B i has increased, or both, assuming d and ' are constant over time. In the calibration section, both hypotheses will be examined.
The labor hired in sector i can be seen as the sum of labor engaged in sectoral goods production and in intangible capital creation:
The following proposition summarizes the relationship between cross-sector labor allocation and intangible capital growth:
increases with sector 1's intangible investment productivity g B 1 ; and decreases with sector 2's intangible investment productivity g B 2 . If intangible investment productivity is the same for the whole economy:
is increasing in b 1 ; if in the production function, intangible capital substitutes physical capital instead of labor; i.e., b 1 = a 1 ; where x is the amount of increase in variable x: Proof. See the appendix.
It is also straightforward to show that when b 1 > b 2 , sector 1's real output share
increases with g B : In fact, if g B > 0 and b 1 > b 2 , the ratio
will go to 1 as t ! 1: It is more di¢cult to reach an analytical solution of changes in
with respect to changes in b 1 ; b 2 : However, as the calibration section will show, sector 1's real output share increases with
Multiple Firms
The baseline model can be extended to include multiple …rms in each sector. The results generated allow us to test the theory using …rm-level data. Following Rossi-Hansberg & Wright (2007), all …rms in sector i share the same production function
where 0 < v < 1; is the coe¢cient of decreasing return to scale; F i is the sunk cost that a …rm has to pay in each period in order to produce; n i is the number of …rms in sector i, which can be a non-interger. It can be shown that in the equilibrium, the aggregation of …rm outputs leads to a constant returen to scale production function at the sectoral level, basically identical to the one in the baseline model. The proof is included in the appendix.
As in the baseline model, physical capital and labor are mobile across …rms. Firms rent physical capital each period, but each …rm must accumulate its own intangible capital:
where x i is a constant. e B ji is the intangible investment productivity of …rm j in sector i. It can be shown that in the steady-state equilibrium, the labor allocation within each …rm in sector i is identical to equation 4:
Here to simplify the result, the growth rate of intangible investment productivity is assumed to be zero.
From the …rst order conditions, it can be shown that in the equilibrium, the output and resource allocations within sector i are
where B i;t = P n i j=1 B ji;t is the aggregation of all …rms' productivity within the sector.
are sectoral level output, capital and labor respectively. Now let's introduce a …rm-level stochastic factor into the model. Suppose each period B ji;t is randomly drawn from a distribution G (B) with mean value normalized to 1: The draw is i.i.d across …rms, and is known to the …rm in period t. The productivity distribution is the same across the two sectors: Assuming that the number of …rms in each sector is large enough and …rm-level ‡uctuations cancel out with each other, the sectoral intangible investment productivity B i;t is not a¤ected by individual …rms' productivity change.
Firm j's Euler equation for intangible capital accumulation is
Log linearizing the equation around the steady state:
where b x = ln (x) ln (x) ; where x is the steady-state value of variable x: Assume that at time t 1; …rm j is in the steady state, that is, b y ji;t 1 ; b l o ji ;t 1 ; and b l y ji ;t 1 are all equal to zero. Plug equation 7 into equation 9 and rearrange. We have
In other words, the change in l o ji ;t in response to a shock in e B ji;t is linear. Notice that the relationship does not depend on b i : So the investment response function is the same for …rms in both sectors. The output change after the e B ji;t can be written as
Since b y ji;t and b o ji;t both equal zero, and b
It is straightforward to see that the change in y ji;t+1 in response to the b B ji;t shock is an increasing function in b i : It can be proved that the magnitude of l ji;t+1 's response to b B ji;t shock is also increasing in b i : Too see this, …rst notice that b l ji;t+1 = b l y ji ;t+1 + b l o ji ;t+1 : From equation 8, it is clear that b l y ji ;t+1 = b y ji;t+1 : Assuming b B ji;t = 0; updating equation 9 one period forward and rearranging, we have
Log-linearizing the production function and the resource allocation equation 8:
Plug equation 12 and 10 into equation 11 to obtain an expression of b l o ji ;t+1 as a function of only preset parameters and b B ji;t :
It is clear by simply taking derivative of the expression with respect to b i that the change of b l ji;t+1 in response to b B ji;t is increasing in b i :
Proposition 4 The magnitudes of …rm output and employment changes b y ji;t+1 and b l ji;t+1 in response to e B ji;t shock are increasing in b i ; while the change in intangible investment w t b l o ji ;t in response to e B ji;t does not depend on b i :
This proposition generates testable predictions. Though e B ji;t shock is not directly observed in data, the magnitude of intangible investment has an one-to-one relationship with the level of e B ji;t and can be used as a signal for the latter. According to proposition 4, the output and employment growth next period associated with a positive e B ji;t should be higher in the growing sector, which has a higher b i .
Calibration
Baseline Calibration
This section carried out a calibration exercise to see whether the dynamics generated by the model can su¢ciently account for the structural change patterns in US data.
First, let me explain the construction of …gure 1 in more details. The data used is from BEA and COMPUSTAT North America. SIC two-digit industries are divided into two sectors: that of high and low intangible-capital intensities. I use …rms' sales, general & administrative expenditure as an approximation of intangible capital investment. (I will say more about this choice in the empirical data section later.) The intangible capital intensity is measured by SG&A expenditure-over-sales ratio, for a …rm, and by the median …rm SG&A/sales ratio, for an industry. Industries are then categorized into two sectors according to the time average industry intangible-capital intensity from 1950 to 1997. Since …rms' …nancial data are taken from COMPUSTAT database, it only includes publicly-traded companies, which contribute to, on average, over 50% of aggregate output of the economy. Table 2 lists the sector categorization for SIC two-digit industries. As Figure 1a has shown, the high intangible-capital sector has experienced more rapid growth since the 1950s in both real output and employment. Table 2 : Sector categorization according to intangible capital intensity I assume that the initial year t = 0 corresponds to the year 1948 in reality, when SIC-2 digit industry output and employment data was was …rst available. The initial labor supply L 0 is normalized to 500. In the baseline calibration, the productivity of intangible capital production at t 0 is set to be the same in both sectors:B 1;1948 = B 2;1948 = 1 .
The rest of the parameters that need to be decided -8 in all -are the following: ; fd; i ; a i g i=1;2 ; ; '. Physical capital's shares in the sectoral production functions are both set as (0:5 b 1;1948 ) and (0:5 b 2;1948 ) for the initial period: For periods beyond t 0 ; a 1;t = a 1;1948 (b 1;t b 1;1948 ) ; a 2;t = a 2;1948 0:7 (b 2;t b 2;1948 ) : No estimation is available for the depreciation rate of intangible capital. Following related literature, I choose ' = 0:5. Physical capital's depreciation rate is set at the standard value = 0:08. Sectors' shares in the utility function, 1 and 2 are chosen so that the output shares of the two sectors at t 0 is roughly the same as those in the data for the year 1948. This leads to 1 = 0:51 and 2 = 0:49. d i , the measure of decreasing return to scale for intangible capital investment is assumed to be 0.8 for both sectors.
To calibrate intangible capital's share in the production function b 1 and b 2 ; recall from equation 5 that in the steady state,
In other words, b i can be written as a function of intangible investment to output ratio and other parameters. In the …rst simulation exercise, I assumed that the economy was in the old steady state in 1948. For exogenous reasons such as production technology change, b 1 and b 2 experience one-time increases after the initial year. The economy then gradually transits to the new steady state. Using SG&A/Sales ratio as approximation of intangible investment to output ratio, the old and new b i are identi…ed by plugging sector-average SG&A/Sales ratio of the starting and ending period of the time window (1948-1997) 6 into equation 13. For comparison, the empirical data is plotted in the same graph. Notice that the shares of sector 1 in both output and employment have increased signi…cantly during this period. In the model, sector 1's output share went from 0.548 to 0.643, basically the same as in the data. On the employment side, the share of sector 1 rose from 0.504 in the beginning period to 0.604 in the ending period, the magnitude of increase captures about 6 COMPUSTAT …rm data started in 1950. I assumed that the economy was in the old steady state in and before 1950, and used the SG&A/Sales ratio in 1950 to calculate the initial b 1 and b 2 :
7 That is, the investment/output ratio in 1997 is assumed to be close enough to the "new" steady state.
62% of that in the data. Figure 4 presents the trend of labor allocation between direct goods production and intangible capital investment activities within the two sectors. Over the time labor is shifted from producing sectoral goods to producing intangible capital in both sectors. And this shift is of a larger magnitude in sector 1, where intangible capital is always more important in the production function. The intuition is straightforward: when intangible capital investment becomes more productive, it pays to take advantage of the increased productivity and apply more labor to intangible capital investment, so that higher output levels can be achieved in the future. And because intangible capital is more "useful" in sector 1, L o increases more in that sector. In fact, the increase in sector 1's share of employment as a proportion of the total labor force is primarily driven by the fact that more labor is allocated to intangible capital production, since the ratio of workers engaged in direct goods production between the two sectors -L y 1 =L y 2 -is constant. This channel of labor composition change is a major di¤erence between the present paper and earlier structural change literature. It is also consistent with the stylized fact presented in Figure 2 . Next let's compare the labor productivity growth in the two sectors. The …rst row of table 3 lists the annual labor productivity growth -calculated as sectoral real output divided by total hours worked -in the data of the two sectors. There are several things worth noticing. First, for the earlier period , the high-intangible sector has a higher labor productivity growth than the low-intangible sector, while the opposite is true for the later period . Second, both sectors' productivity growth is lower in the second period than in the …rst period. Third, for the entire 50 year window, the productivity growth of the high-intangible capital sector is lower than the other sector.
All three facts are captured in the model simulation, as shown in the second row of table 3. Here the labor productivity is calculated as
Though the productivity di¤erence between the two sectors is milder in the model than in the data, the productivity time trend and direction of sectoral di¤erences are the same. The fact that the intangiblecapital intensive / growing sector has lower labor productivity growth than the low intangible capital sector seemingly con…rms Baumol's hypothesis of the "cost disease of the service sector", which predicts that the expansion of the less productive sector will bring down the economic growth of the whole economy.
However, according to the present model, the ratio
, which is the counterpart of "labor productivity" in the data, is not the "true" labor productivity in sectoral goods production. Because in the labor force it includes L o i ; which part of labor is not directly used in producing Y i : The correct labor productivity in sectoral goods production should be the ratio Y i =L y i . The third row of table 3 shows that the "true" labor productivity growth in the high intangible capital sector is actually always higher than the low-intangible sector, though the true labor productivity is very hard to calculate from the available data.
Annual labor productivity growth (%) 1949-1973 1974-1997 1949-1997 1949-1973 1974-1997 1949-1997 Data: Table 3 : Labor productivity growth According to Proposition 3, sectoral structural change related to intangible capital accumulation can be caused by either changes in intangible capital's shares in the sectoral production functions, which is experimented in the above simulation, or changes in intangible investment productivity. To examine the role of the latter, consider a second calibration exercise. Unlike in the previous simulation, here b 1 and b 2 are kept constant, but the growth rate of intangible capital is assumed to be positive. I set b i as the average of b i;old and b i;new in the baseline simulation: b 1 = 0:235; b 2 = 0:108: The value of g B is calibrated so that the real output share increase in the intangible-capital intensive sector can match the magnitude in the data. This leads to an annual g B = 0:1 after the initial period. The shares of the two sectors in the …nal goods production function are set as: 1 = 0:53; 2 = 0:47, so that the output and employment shares of the two sectors in the initial steady state match the data of year 1948. Other parameters are the same as in the baseline calibration. Figure 5 displays the trends of sector 1's real output and employment shares. Both shares have increased over time, as in the previous simulation. But there is a crucial di¤erence in the magnitude. Although a 10% annual investment productivity growth allows the changes in output shares to match the data, the change in labor shares, around 0.8%, is too small compared with the data, as shown in the second panel of Figure 5 . In fact, in no simulations was there a realistic level of employment structural change achieved by increasing g B alone.
Additionally, the growth rate of "understated" labor productivity Y i = (L y i + L o i ) ; is 0.0259 for the high-intangible sector, and 0.0159 for the low-intangible sector. This is contradictory to the empirical fact since, as mentioned in the baseline calibration, the labor productivity growth of the low-intangible sector is higher than that of the high-intangible sector in the data. Therefore, it seems that intangible investment-speci…c technology advance only plays a minor role in the structural change of employment allocation. Figure 6 reports the result for within-sector labor allocation change. As in the previous simulation, labor is gradually shifted from goods production to intangible capital investment in both sectors. But again, the magnitude of the shift is much smaller than in the baseline calibration. To sum up, this section ran calibration exercises on two mechanisms of intangible capitalinduced sectoral structural change: (1) increasing shares of intangible capital in the production function; (2) increasing intangible investment productivity. For the …rst exercise, I calibrated changes of b i through observed intangible investment over output ratios. The simulation is able to fully account for the output share growth of the intangible-intensive sector, and captures about 62% of the sector's employment share growth. It is interesting to note that the growth rate of the normal but understated labor productivity is lower in the expanding sector, as in the data. But the high intangible capital sector has a higher growth rate of the "true" labor productivity. In the second exercise, the growth rate of intangible investment speci…c technology is calibrated to match the output share increase of the high-intangible sector in the data. However, the g B calibrated this way can only produce very limited change in labor shares. 
Sensitivity Analysis
Two parameters in the previous calibration exercises need closer examination, the coe¢cient of the decreasing return to scale in the investment goods production function d; and the depreciation rate of intangible capital ': Both parameters are pre-assumed, have relatively little empirical support, and can in ‡uence the simulation result in a signi…cant way. In this section, I apply alternative values to d and ', and re-simulate the model. In addition, the labor supply L t was set to be constant in the baseline simulation. In this section, I will examine the case when g L > 0: Table 4 reports sector 1's output and employment share growth with di¤erent parameter values. Table 5 lists the values of annual productivity growth. Let's …rst look at the e¤ect of changing the value of d. Column 2 and 3 of table 4 report the percentage change in sector 1's output and employment shares from 1948 to 1997 when d = 0:9 and when d = 0:75: When d is lower; that is, when the return to intangible investment goods production decreases faster with production scale, the high-intangible sector expands less. Besides, as shown in table 5, the labor productivity growth is also lower for both sectors when d is smaller. This result is quite intuitive. A lower d means that the payo¤ for allocating labor to intangible capital production is smaller. The equilibrium level of L o i and O i are thus lower, and the structural e¤ect of increasing b i less pronounced. Since O i accumulates slower with a lower d; the labor productivity growth is also lower. Next, I changed the intangible capital depreciation rate ' to 0.35 and 0.65. A lower ' generates more pronounced output share change and higher labor productivity growth, while its impact on labor share change is relatively limited. Finally, I changed the labor supply growth to 1.78% annually, which is equal to the average employment growth rate of US private sector between 1948 and 1997. The inclusion of a positive g L decreases the magnitude of cross-sector labor allocation change, and not surprisingly, labor productivity growth decreases, too. Table 5 Notice in table 5 that in all the simulations, the productivity change has basically the same characteristics. The productivity growth is higher in the earlier half of the time window for both sectors. The high intangible capital sector has a higher productivity growth than the low intangible sector during the …rst half of the simulation, but a lower productivity growth in the second half. For the ' = 0:35 and g L = 0:0178 scenarios, sector 1's productivity growth premium in the earlier period more than compensates for its slower productivity growth in the later period. So its average productivity growth for the whole time window turns out still higher than the low-intangible sector.
Annual labor productivity growth (%)
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Empirical Analysis
Overview
In this section, I empirically test some major implications of the theoretical model presented in the previous section.
The …rst empirical exercise asks whether there is a positive relation between a …rm's intangible investment productivity and its sales and employment, and whether such a relationship is stronger in the high-intangible-capital sector. Assuming that …rms in the same sector share the same production characteristics except investment productivity, a …rm's intangible capital investment is an increasing function of its investment productivity. Therefore, although intangible investment productivity is not directly observed, the intensity of intangible investment can be used as an indicator of …rm's investment productivity level.
The second empirical exercise takes the more aggregate level observation to detailed industry level, and asks whether there is a positive linkage between industries' intangible capital intensity and their output and employment growth. The exercise can be seen as an industry-level test of the model prediction. The regression analysis also compared the impact of intangible capital on industry growth with the impact of other factors that can potentially a¤ect the structural change process. is not a precise measure of …rms' intangible investment, the related regression estimates should be seen as only suggestive to the direction and magnitude of the "true" coe¢cients. Four data sources are used in this paper: (1) COMPUSTAT North America database, which includes publicly-traded …rms' …nancial statement information, including SG&A expenditure, number of employment, annual sales, total assets, …xed assets data, and …rms' SIC industry classi…cation; (2) BEA annual industry accounts data, which includes information about industries' real and nominal value-added by SIC two-digit industries; (3) BLS data of capital income and IT investment by industry; and (4) Education level data of industry labor force from Current Population Survey. The data periods are from 1950 to 1997. The key variables are summarized in Table 6 , which provides means, standard deviations and ranges for each variable. 
Data
Empirical Model
Firm Level Model
As in the multiple-…rm section of the theoretical model, I assume that the intangible investment productivity di¤ers across …rms. According to the theory, the …rms with higher intangible productivity shocks have higher output/employment growth. And since intangible investment is increasing in a …rm's investment productivity, we shall observe a positive relationship between …rm's SG&A investment intensity and its next period output/employment growth. Furthermore, the model predicts that the positive correlation between intangible investment productivity and a …rm's output/employment is higher in the intangible capital intensive sector, i.e., the sector with a higher b i . To test these hypotheses, the following empirical regression is estimated:
where g y ij ;t is the sales growth rate of …rm i in industry j;
SG&A Y is the ratio of SG&A expenditures over sales, which indicates a …rm's intangible investment intensity, thus its investment productivity level;
is the ratio of physical capital investment over sales; "growsec" is a dummy variable, which equals 1 if the …rm belongs to the growing sector that is also more intangible capital intensive. control is a vector of control variables, which includes …rms's total assets and physical capital. The error term contains time and industry …xed e¤ects:
where v ij;t is assumed to be i.i.d. across …rms with mean 0 and variance
The interaction term between intangible investment intensity and sector categorization is meant to capture the di¤erence in the correlation between intangible investment and output across sectors. For the growing sector, which is generally more intangible capital intensive, the correlation between intangible investment and output growth in the regression equation is equal to 1 + 2 , while for the declining sector, it is equal to 1 . According to Proposition 4, we shall expect both 1 and 2 to be positive.
To make sure that the coe¢cient for SG&A is not a stand-in for the impact of other investments, I also include physical capital investment and its interaction with the growing sector dummy in the regression speci…cation. Moreover, the interaction term allows us to compare the e¤ects of the two types of investment across sectors.
A similar regression model can be applied to the relationship between …rm's employment growth and its intangible investment productivity. The estimation equation is
where g l ij ;t = growth rate of employment in …rm i of industry j: Again, according to the theory, both 1 and 2 should be positive. 
Industry Level Model
The theoretical model suggests that the a sector's real output and employment are increasing in intangible capital's share in the production function b i . And the sector with higher b i grows more with an increase in g B . At an industry-level regression setting, both predictions imply a positive relationship between industry i's share growth and its intangible capital intensity, b i . The calibration section shows that the relative level of b i can be inferred 8 Models that relate output to capital investment generally raise simultaneity concerns. If the company correctly forsees that in the future period, there will be a positive exogenous shock other than the intangible investment productivity, say, a shock from the demand side, the company will increase its capital investment in the present period, and in the future period when the shock is realized, the sales are higher partly due to the shock. In that case, the estimated coe¢cient for the investment variable will be inconsistent. And this is true for both tangible and intangible investment. But will it seriously undermine the regression results in the present setting? My answer is no. The reason is that the main purpose of this empirical exercise is not to precisely estimate the impact of investment on future output, but rather to see whether the direction of the estimates is as predicted by the theory -that is, to con…rm whether the coe¢cients of intangible investment and its interaction with growing sector dummy have a positive sign. I argue that the bias caused by endogeneity issue will most likely work against this goal, thus it won't deminish the robustness of the results. The reason follows. If the exogenous shocks the …rms receive are negative, it will downward bias the coe¢cients for SG&A investment. If the shocks are positive, it can in ‡ate the coe¢cient for and growing sector dummy, assuming the distribution of shocks is the same across sectors. This is because that for the same exogenous shock, the …rms in the growing/intangible capital intensitve sector will choose to raise SG&A investment more than the …rms in the other sector, as intangible capital is an input more important in the growing sector. In other words, the coe¢cient for the interaction term will most likely to be underestimated because of endogeneity.
from the relative level of intangible capital investment across sectors. Therefore, to test the relationship between industry growth and its intangible capital intensity, we can regress the growth rate of industry's output/employment shares on its lagged intangible capital investment index. It is assumed that a higher SG&A index corresponds to a higher b:
In the model, the share of intangible capital in the production function for each sector is …xed over time, i.e. b it = b i for 0 t 1. In reality, industries' production characteristics may gradually change over time. If, as predicted by the model, there is a positive relationship between industry's b and its share growth, the relationship should hold not only across industries, but also throughout time for any speci…c industry. Therefore, I estimated a panel regression model over a panel of 51 SIC 2-digit industries. The regression speci…cations are as follows: g_yshare j;t s;t is the average growth of industry j's share of output in total private sector output from t-s to t; g_lshare j;t s;t is the average growth of industry j's share of employment in total private sector employment from t-s to t; SGA j is the median level SG&A expenditure/sales ratio in industry j; To control for the presence of other factors that might also contribute to the sectoral structural change, other industry characteristics are included as explanatory variables. These variables are taken from related literature on sectoral structural change and productivity growth, as outlined in the literature review section. They include:
K j : the physical capital intensity of industry j, calculated as capital income over valueadded of the industry; EDU j : the human capital intensity of industry j, calculated as the number of workers who received at least some college education over the total industry workforce;
IT j : the intensity of information technology investment in industry j, represented by the ratio of the amount of industry IT investment to industry value-added.
All explanatory variables are in the relative-value form -they are divided by the crossindustry mean of the year. In other words, the right-hand side variables are in the form: IN DEX_X j;t = X j;t =X t : Given the fact that structural change is a long-term process and changes in intangible capital intensity might not be immediately re ‡ected in industries' output/employment shares, I choose a base-line time lag s = 5 years when executing the regressions. In the results section, estimates with s = 3 and s = 10 are also reported. Since the dependent variables are s-year average industry share growth, there are overlaps between the values of adjacent time periods. To allow for this slow adjustment, a lagged dependent variable is included on the right hand side. This implies a correlation between the regressors and the error term, since the lagged dependent variable depends on the error term in t-1, which includes an industry …x e¤ect factor. To correct for the potential bias, the estimation uses the dynamic GMM method developed by Arellano & Bond (1991) . Their procedure also eliminates endogeneity that may be caused by any correlation between industry speci…c factor and other right-hand side variables. Table 7a and 7b present the results for the …rm-level regressions -equation 14 and 15. Both OLS and panel regression coe¢cients are reported. Table 8 presents the results of industrylevel regressions -equation 16 and 17, where the growth of industry output/employment shares is regressed on lagged factor intensity in intangible capital, human capital, IT and physical capital.
Estimation Results and Analysis
Let's …rst look at the results of …rm-level regressions. In Table 7a , the SG&A intensity variable's coe¢cients are positive and signi…cant at the 1% level in all variations of the regression speci…cation, which is consistent with the hypothesized relationship between …rm's intangible investment productivity and output. Quantitatively, the coe¢cients-both around 0.15-do not di¤er much between OLS and …xed e¤ect models. On average, the variation in SG&A expenditure explains about 10% of the variation in sales growth.
The magnitude of intangible investment's correlation with sales is not the same across the expanding and declining sectors-the coe¢cients for the interaction term between growingsector dummy and SG&A intensity are positive and signi…cant at the 1% level. In other words, for the …rms that belong to the expanding sector, which is in general also more intangible capital intensive, intangible investment has a higher correlation with …rms' output growth, which is predicted by the theoretical model. Quantitatively, the correlation is 30% higher in the growing sector than in the declining sector. As a comparison, let's look at the coe¢cients for physical capital investment. The coe¢cient for I k =y is positive. But the coe¢cient for the interaction term between physical investment and growing sector dummy is negative and signi…cant, indicating that, unlike intangible capital, physical capital is not more productive in the growing sector. It is also interesting to note that the coe¢cients for log(…xed assets) are negative across all regressions, which indicates that …rms which are more "tangible" grow less. The results in Table 7b show that when the two sectors are pooled together, intangible investment productivity is positively correlated with …rms' employment growth-the coef…cients of SG&A intensity are positive for both OLS and …xed e¤ect regressions, and are signi…cant at 1% and 5% level respectively. However, when adding the interaction term between SG&A intensity and the growing sector dummy, it becomes clear that the positive sign for the coe¢cients of intangible capital investment in the pooled regressions is driven mainly by the …rms in the growing sector. When the two sectors are treated separately, the coe¢cients for SG&A intensity are slightly negative and insigni…cant for the declining sector, while the same variable's coe¢cients are positive and signi…cant at the 1% level, for the expanding sector. The result indicates that intangible capital investment is associated with higher employment growth only for the growing sector, which is in line with the theoretical model's prediction. Also, the e¤ect of physical capital investment on employment is the exact opposite for the two sectors -the coe¢cients are higher for the declining sector than for the growing sector. The contrast between the coe¢cients of intangible capital investment and of physical capital investment further supports the paper's proposition that intangible capital plays a unique role in the structural change and growth process. In addition, the coe¢cients for …xed assets have a negative sign, which shows that …rms with more tangible capitals generally have lower employment growth. Table 8 presents the results of industry level regressions. In the output share growth regression, the coe¢cients for lagged SG&A intensity are all positive and signi…cant above the 5% level, indicating strong positive correlation between intangible capital intensity and future industry growth. In the employment share growth regressions, the coe¢cients for intangible investment are also positive, and only insigni…cant for the 10-year window, though the coe¢cients are an order smaller than those in the output share regression. The lagged IT investment intensity has mostly positive and signi…cant correlation with industry output share growth. This result lends support to the argument advocating ICT as a general purpose technology and an important source of productivity growth. In contrast, lagged human capital and physical capital intensities, which were identi…ed in some structural change literature as causing factors for sectoral composition change, do not show signi…cant correlation with industry share growth, except for the 10-year-lag coe¢cient of physical capital intensity in the employment regression, which is negative and signi…cant at the 1% level. Overall, the empirical …ndings in this section strongly support the following implications of the theoretical model. At the …rm level, higher intangible capital investment -indicating a higher level of intangible investment productivity -is associated with higher output and employment growth. This correlation is stronger in the intangible-capital-intensive sector. At industry level, there is a strong positive correlation between an industry's intangible capital intensity and industry's output/employment share growth.
Robustness Check
A disadvantage of using growth rate as dependent variable is that it can be susceptible to …rm size and age biases. Speci…cally, it is possible that small and young …rms which have higher SG&A to sales ratios also tend to grow faster than old …rms, which may induce an upward bias in the coe¢cients when growth rate is regressed on SG&A intensity. Therefore, as a robustness check, a second speci…cation is estimated, which directly regresses the level of …rm sales on its lagged SG&A spending: Tables 9a and 9b , using the alternative speci…cation, re ‡ect a similar pattern as in previous …rm-level regressions. The intangible investment has a positive correlation with future outputs when the two sectors are pooled together. But when they are separated, the correlation is only positive and signi…cant for the expanding sector. One thing surprising is that the coe¢cient for lagged physical capital investment is positive only for the declining sector using …xed e¤ect regression, and is otherwise negative. On the employment side, higher intangible capital investment is associated with larger employment size only for …rms in the expanding sector, while for the declining sector, the coe¢cients are negative and not signi…cant. It is also worth noticing that the physical capital's association with sales are mostly negative, especially for the growing sector. Its relationship with employment is mixed. The conventional sector classi…cation divide industries -according to the nature of their output -into goods-producing and service-producing sectors. It is a well-known fact that during the past several decades, the service sector has grown disproportionately relative to the goods-producing sector in both real output and employment, as shown in Figure 7 . The phenomenon can be readily explained by examining the intangible capital intensity of service industries. First of all, if we look at data more closely, it is easy to see that contrary to the popular perception, not all service industries are expanding. Table 10a and 10b list respectively the service industries whose real value added shares have increased and decreased over the period 1977-2007, based on NAICS classi…cation. Further examining the growing service industries, we can see that this part of the service sector is mostly intangible capital intensive. As before, I divide industries into high and low intangible capital group according to whether their average SG&A to sales ratio is above the median across industries. Table 10a and 10b list the intangible capital intensity of each service industry during the period and whether the industry belongs to the high or low intangible capital group. Figure 8 plots As shown in the tables, the intangible capital intensive industries are quantitatively important in explaining the expansion of the service sector. The growing part of the service sector is dominated by intangible capital intensive industries. In 2007, the high-intangiblecapital industries, such as retail, publishing, investment and computer design services, constitute about 86% of the total real value-added share of the growing service sector. In contrast, the declining part of the service sector mostly consists of industries that are low on intangible capital, such as utilities, water/ rail/ pipeline transportations and real estate services. These low intangible capital industries constitute 72% of the declining service sector's total value-added share in 2007.
Conclusion
This paper provided an explanation to the sectoral structural change in US economy during the recent decades. It argues that as the economy shifts towards more reliance on knowledge and information in the production process, the di¤erences in intangible capital accumulation across sectors leads to structural changes in both output and employment compositions. In the two-sector model of the paper, the importance of intangible capital in the production function di¤ers across sectors and increases overtime. There are two kinds of work tasks in the model economy: directly producing sectoral goods and creating intangible capital investment for future production. When intangible capital's share in the production function rises or the productivity of intangible investment increases, both sectors invest more in intangible capital, and the output and employment of the high intangible sector grows faster than that of the low intangible sector.
The implications of the model are consistent with the stylized facts about structural change and intangible capital accumulation in the US economy since the 1950s. With reasonable choices of parameters, the model can generate output and employment composition changes that quantitatively match the empirical data from 1948 to the late 1990s. The labor productivity trends generated by the model are also in line with empirical data. In addition, the model implies that the labor productivity calucated as output over total labor input un-derestimates the real productivity in goods and service production, as part of the labor force is engaged in intangible investment instead of direct production. This underestimation is more severe for the growing high intangible sector.
Empirical estimations reveal that …rms' intangible capital investment, approximated by …rms' SG&A spending intensity, has signi…cant and positive correlations with future output and employment growth. The correlations are higher in the growing (more intangible capital intensive) sector. The industry-level regressions show that after controlling for other factors,-industry human capital and physical capital Intensity and IT investment intensitythe index of industry SG&A spending is positively correlated with industry share growth in both real output and employment. These results are consistent with the model's predictions.
Evidence suggests that growing service industries are mostly intangible capital intensive. Thus the theory developed in this paper can in particular help to reconcile the expansion of the service industries and the seemingly low productivity growth of that sector.
A Appendix
A.1 Solving the Planner's Problem First order conditions for the planner's problem: 
A.2 Other Results
A.2.1 Proof of Proposition 2
The wage rate w t is equal to the marginal productivity of labor in each sector. Therefore the intangible investment cost to output ratio can be written as
Plugging equation 4 into the above equation, we arrive at the steady state investment to output ratio
It is easy to see that 
A.2.2 Proof of Proposition 3
Combing equation 4 and 2, we can write the steady-state labor ratio between the two sectors as
It is straightforward to see that In the equilibrium, the relative levels of output and input for all …rms in sector i are given by
This implies a sector level production function of the form
The equilibrium number of …rms is determined by taking derivative of the above function with respect to n i :
Plug it into Equation 27 to obtain the sectoral production function
which displays constant return to scale.
